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Abstract 
We report calculations of pressure-induced structural phase transition and elastic properties of the NaCl-type scandium 
nitride at room temperature. For the present study a Realistic Interaction Potential Approach (RIPA) model (including the 
covalency and temperature effect) has been developed. The pressure-induced transition is found to be first order. It is 
examined that the present compound is more stable in NaCl-phase. It is predicted that at high pressures present compound 
undergoes a structural phase transition from the NaCl structure into the denser CsCl atomic configuration. The phase 
transition pressures and associated volume collapses obtained from present potential model show a generally good 
agreement with available experimental data and others. 
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1. Introduction 
III–V group nitrides have attracted a great deal of interest because of their technological applications in 
electronic and optoelectronic devices as well as because of several unusual structural, electronic, and phonon 
properties. Among this the ground state structure of such nitrides such as ScN is rock salt (NaCl). These  
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materials can be semiconductor or metal. The structural, optical, magnetic, and electronic properties of 
scandium nitrides have been studied both experimentally and theoretically [1–4]. From the available literature, 
there have been conflicting reports for ScN whether it is metallic or a semiconductor [5]. Experimentally [6] it 
is indicated that ScN is an indirect semiconductor and it is confirmed by density-functional theory DFT 
calculations [7]. The ground-state properties of ScN have been investigated using full potential liberalized 
augmented plane wave calculations that revealed that NaCl structure is the most stable one in the ground state 
with almost zero indirect band gap by Takauchi [8].  Structural stability and elastic properties have been 
reported by Chen et al. [9] using a PW pseudopotential with generalized gradient approximation (GGA). 
Bouhemadou et. al. [10] reported the same study of ScSb under pressure using a full-potential augmented 
plane-wave (PW) plus local orbitals (FPAPWC+lo) method. The structural, electronic, and elastic properties of 
ScN in NaCl (B1 phase) and CsCl (B2 phase) structures and the phonon dispersion at ambient and high 
pressure, close to phase transition, have been investigated by using first-principles pseudopotential method in 
the framework of density functional theory with the generalized gradient approximation by Pandit et. al. [11]. 
Maachou et. al. [12] calculated the structural, and electronic properties of the scandium nitride with the 
generalized gradient approximation (GGA) within the density functional theory (DFT), employing the first-
principles, full potential-linearized augmented plane wave (FPLAPW) method. 
 
For the most part of the available literature is reported at T=0K. While experimental measurements are 
performed at room temperature. To make the study realistic, it should be performed by taking temperature 
effects. Seeing as the previous calculations ignored the covalency effect in their calculations, we thought it 
pertinent to apply a Realistic Interaction Potential Approach (RIPA) model which includes the covalency as 
well as temperature effect in the potential model. The model consists of Coulomb interaction, three body 
interactions modified by covalency effect, van der Waal interaction, overlap repulsive interaction and 
temperature effect.  In the present paper, we use the model theory to calculate the high pressure structural and 
elastic properties of ScN at room temperature and compare them with available theoretical and experimental 
data to judge the suitability of the potential and our predictions for these properties. The organization of this 
paper is as follows: the method of calculation of structural phase transition pressure and model theory are given 
in Section 2, while in Section 3, we present interesting results on structural and elastic properties of ScN. 
2. Potential model and Method of Calculation 
The natural consequence of application of pressure on the crystals is the compression, which in turn 
leads to an increased charge transfer (or three-body interaction effects) [13] due to the existence of the 
deformed (or exchanged) charge between the overlapping electron shells of the adjacent ions.  
These effects have been incorporated in the Gibbs free energy (G = U+PV-TS) as a function of pressure and 
three body interactions (TBI), which are the most dominant among the many body interactions. Here, U is the 
internal energy of the system equivalent to the lattice energy at temperature near zero and S is the entropy. At 
temperature T=300K and pressure (P) the 
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Where X= 1 (Phase 1=B1), 2(Phase 2=B2), and Yx= 1.414, 1.154, for NaCl and CsCl structures respectively.  
 
With αmX as the Madelung constant. C and D are the overall van der Waal coefficients for NaCl and CsCl 
structure respectively, βij (i,j=1,2) are the Pauling coefficients defined as βij=1+(Zi/ni)+(Zj/nj) with Zi (Zj) and ni 
(nj) as the valence and the number of electrons of the i(j)th ion. Ze is the ionic charge and b (ρ) are the hardness 
(range) parameters, r is the nearest neighbour separations fm(r) is the modified three body force parameter 
which includes the covalency  effect with three body interaction,  ri (rj) are the ionic radii of ions i (j). S1 and S2 
are the entropies for NaCl (CsCl) structure [14]. 
These lattice energies consist of long range Coulomb energy (first term), three body interactions 
corresponding to the nearest neighbour separation r (second term), vdW (van der Waal) interaction (third term), 
energy due to the overlap repulsion represented by Hafemeister and Flygare (HF) type potential and extended 
up to the second neighbor ions (fourth, fifth and sixth term). 
Covalency effects have been included in three-body interaction in the second terms of lattice energies given 
by Eq. (1). Now modified three body parameter fm(r) becomes 
 
 
 (2) 
 
3. Results and Discussion 
The Gibbs free energies contain three model parameters [b, ρ, fm(r)]. The values of these parameters have 
been evaluated using lattice parameter, the first space derivatives of the lattice energy (U) and equilibrium 
condition expressed as: 
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and after following method adopted earlier [13,15]. Using these model parameters and the 
minimization technique, phase transition pressures of scandium nitride has been computed. The input data of 
the crystal and calculated model parameters are listed in Table-1.  
 
Table 1. Input parameters and generated model parameters for ScN. 
a-ref [11] 
 
Solid Input Parameters Model Parameters 
r0 (Å) B (GPa) b(10-12 ergs) ρ(Å) f m (r) 
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3.1. Structural Properties 
We have followed the technique of minimization of Gibbs free energies of real and hypothetical 
phases. The phase transition occurs when ∆G approaches zero (∆G→0). At phase transition pressure (Pt) these 
compounds undergo a (B1-B2) transition associated with a sudden collapse in volume showing a first order 
phase transition. Fig.1 shows our present computed phase transition pressure for B1-B2 structure transition in 
ScN at 365.87 GPa. The present phase transition pressure has been illustrated by arrows in Fig. 1 and is given 
in Table-2 along with available results at room temperature. It is apparent from Fig. 1 and Table-2 that our 
values of phase transition pressures are in good agreement with results [11,12]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table-2 Phase transition and volume change of ScN at room temperature. 
a-ref [11], b–ref [12] 
 
At phase transition pressure, present compound undergoes structural phase transition associated with a 
sudden change in the arrangement of the atoms. The discontinuity in volume at the transition pressure is 
obtained from the phase diagram. We have also computed the relative volume change V(P)/V(0) corresponding 
to the values of r and r’ at different pressures and plotted them against the pressure in Fig. 2. We have 
computed the transition volumes of B1 (NaCl) and B2 (CsCl) Phase respectively. These values are depicted in 
Solid Phase Transition Pressure  (GPa) Transition Volumes (Å3) 
Present Others Present Others 
VB1 VB2 VB1 VB2 
ScN 365.87 364.32a 
368.46b 
14.05 13.60 13.9a 
14.12b 
13.5a 
13.68b 
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Fig: 1 Variation of Gibbs free energy change (ΔG) with pressure for ScN. 
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Table-2. It is clear from Table-2 that our calculated transition volumes VB1 and VB2 are 14.05 (Å3) and 13.60 
(Å3) for ScN which are close to others results 14.12(Å3) (13.9 (Å3)) and 13.68 (Å3) (13.5 (Å3)) respectively 
[11,12].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.2. Elastic Properties 
The knowledge of elastic constants is essential for many practical applications related to the 
mechanical properties such as internal strain, sound velocities, fracture toughness and thermo-elastic stress. We 
have, therefore, calculated the second order elastic constants (SOECs) of ScN. The knowledge of second order 
elastic constants and their pressure derivatives are important for the understanding of the interatomic forces in 
solids. The expressions of second order elastic constants are expressed as [13-15].   
The expressions of second order elastic constants are as follows:   
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Fig: 2 Variation of relative volume change with pressure for 
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Using model parameters (b, ρ, fm(r)), pressure derivatives of bulk modulus have been computed whose 
expressions are as follows: 
 
 
  (8) 
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The values of Ai, Bi, and Ci (i =1, 2) have been evaluated from the knowledge of b, ρ and vdW coefficients.  
 
 
Table-3 Calculated values of elastic constants (in GPa), bulk modulus (in GPa), and pressure derivative of bulk 
modulus of scandium nitride at room temperature. 
Solid C11 C12 C44 B B’ 
ScN (Present) 
         (Expt.) 
         (Others) 
479 
- 
498b 
47.5 
- 
52b 
136.6 
- 
169b 
191.33 
182±40a 
202.0b 
3.20 
- 
3.70b 
a-ref [12], b–ref [11] 
 
 
We have calculated the variations of the second order elastic constants of the materials under study. 
Also, we could reproduce the correct sign of the elastic constants (C11-C12). The second order elastic constants 
(SOECs) and pressure derivatives of scandium nitride have also been calculated by using eq. (5-7) and they are 
given in Table-3. We have compared our results for ScN with the first principle calculation [11] and full 
potential-linearized augmented plane wave (FPLAPW) method [12]. Our results of SOECs are in good 
agreement with others theoretical results [11,12]. Additionally, our present model is able to explain the Cauchy 
discrepancy. For the calculation of elastic constants, models based on two body central forces necessarily fail to 
reproduce the Cauchy inequality C12≠C44 for cubic crystals. 
 
We have calculated the second order elastic constants (SOECs) with pressure for the present 
compound. The variations of SOECs of ScN with pressure are plotted in Fig. 3.   It is clear from, this figure that 
C11 varies largely under the effect of pressure as compared with the variations in the C12 and C44. Since the 
elastic constant C11 represents elasticity in length. A longitudinal strain produces a change in C11. The elastic 
constants C12 and C44 are related to the elasticity in shape, which is a shear constant. A transverse strain causes 
a change in shape without a change in volume. We have compared our results with other theoretical [11]. It is 
clear from these figures that our results show almost same trend as reported by others [11]. 
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The calculation of Bulk properties helps us to understand, characterize and predict mechanical 
properties of materials. The calculated values of bulk modulus and pressure derivatives of bulk modulus have 
also been given in Table-3. We have compared our results with first principle calculation [11] and experimental 
results [11].  
 
4. Conclusion 
Finally, we can conclude that the Realistic Interaction Potential Approach (RIPA) model (including the covalency 
and temperature effect) to investigated the structural and elastic properties of the present scandium nitride at high 
temperature and pressure. The results are summarized as follows: 
 
1. The phase transformation from a six-fold coordinated NaCl (B1) structure to an eight-fold coordinated 
CsCl (B2) under high pressure has been studied in present ScN. 
2. The calculated phase transition pressures and associated volume collapses are compared with available 
experimental and other theoretical data and found in good agreement with them. 
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Fig: 3 Variation of elastic constants with pressure for ScN. 
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3. To explore elastic properties the calculation of second order elastic constants has been carried out and 
found good agreement with available data for ScN at T=300K.  
4. The present model efficiently removed the drawbacks of Cauchy discrepancy which has been ignored 
by previous model calculations. 
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